Worldwide, 70% of the individuals who do not have access to sanitation facilities live in rural areas.
INTRODUCTION
The problem of sanitation in the world has been widely discussed and evidenced by the data on the accessibility and quality of sewage services. According to the report of the World Health Organization (WHO), the United Nations Although the rural areas are scattered, there is contamination of water bodies and soil affecting the water supply and its irrigation and recreation uses. Thus, decentralized wastewater treatment systems are an interesting alternative for sanitation in rural areas.
In the USA, 10% of the generated wastewater is treated by decentralized systems (Bradley et al. ) . This percentage represents approximately 60 million individuals, of whom 20 million have septic tanks. Australia is similar with 12% of the population using septic tank systems to treat wastewater (Massoud et al. ) .
Even though septic tanks are widely used as decentralized treatments, there is a need for the post-treatment of their effluent. This is because the effluent still has a high content of soluble organic matter and pathogens (Witkovcki & Vidal ). 
METHODS
This research was developed in an area located in the rural municipality of Campinas, Brazil, during 7 months (from July 2012 to February 2013). The land was occupied by a construction company (Villa Stone Campinas), three residences, and one small business. Regarding the company, only the wastewater generated in the bathrooms was used in the study. Throughout the research, the small treatment plant received a daily contribution from eight to ten individuals.
The treatment consisted of an association of septic tank and sand filter (Figure 1 ). The septic tank was built with precast concrete rings. The inner diameter was 1.90 m and total depth was 2.34 m. The useful volume of the reactor was 4.30 m 3 , and the theoretical hydraulic retention time (HRT) was 2 days, but after starting the operation, the real HRT was 1.6 days. There were two internal baffles ( Figure 1 ): one in the entrance and another one in the exit to guide the sewage in the septic tank, preventing its short circuit (ABNT ).
The liquid leaving the septic tank was directed to a square siphoned box with width of 0.30 m and useful volume of 0.025 m 3 ( Figure 2 ). As the input flow was lower than the output flow of the siphoned box, the adoption of this provision was enabled at the intermittent application of effluent in the sand filter (next stage of the Figure 1 | Scheme of the septic tank, the siphoned box, and the sand filter (1: septic tank sample point; 2: sand filter sample point).
treatment). Moreover, even when peak flows occurred (when the residents showered or used the kitchen or bathroom sinks), the septic tank behaved like a damping tank of input flow. Thus, the effluent outflow from the septic tank had only a small variation and the flow that reached the siphoned box was small and relatively uniform. This allowed the box to be filled to the limit of the siphoning process. Meanwhile, the sand filter did not receive the effluent and was naturally aerated. After complete filling of the siphon box, the siphoning process was initiated and all the liquid was quickly applied in the sand filter surface. Subsequently, the filling of the siphon box started again and, consequently, the infiltration of the liquid applied to the sand filter and its aeration. Thus, the aerobic characteristic of this sand bed was ensured.
The sand filter (Figure 3 ) was constructed with precast concrete rings with internal diameter of 1.90 m, which allowed a surface area of 2.84 m 2 . For the composition of the bed, three layers stratified from the reactor base were used and their description is shown in Figure 3 and Table 1 . These characteristics were measured by the authors.
The volume of effluent produced was compared to the volume of water consumed in the study site. 
Assessment of the phosphorus in the sand
In order to determine the phosphorus adsorption capacity limit for the sand used in the research, a test was carried out based on the work of Sovik & Klove () . An assessment was made of the sand before placing it in the sand filter (A new ) and after clogging (A clogged ). The procedures for both sand samples (A new and A clogged ) are schematized in Table 2 .
For the test with A new , a solution of concentration equal to 50 mgL À1 was prepared with KH 2 PO 4 (potassium dihydrogen phosphate). An aliquot of 50 mL of this solution was added to a flask containing 20 g of sand (dry weight) and then mixed for 24 hours on a shaker. After this, the supernatant liquid was analyzed for phosphorus concentration. The data obtained were analyzed by applying
where q is the phosphorus absorption coefficient (mg g À1 ), 
RESULTS AND DISCUSSION
Over the 7 months of study ( However, the relationship between water consumption and generation of wastewater was much lower than that traditionally found in urban areas, which can reach 80% in Brazil (ABNT ). According to Mara (), the return factor, which is the fraction of water consumed that becomes wastewater, is usually 0.8-0.9. In the study area, this relation 
Physical-chemical analysis
The average air temperature of the days at the moment the samples were collected was 24.1 ± 4.3 C.
The pH values of the effluent from the septic tank and sand filter were close to neutral values ( A possible explanation for this behavior may be associated with the low dilution of the existing wastewater in systems that treat wastewater in small communities. As earlier stated, in Brazil, the rural population traditionally reuses some of the wastewater generated in a residence in the irrigation of gardens and fruit trees. Thus, the domestic wastewater generated will be basically from bathrooms and kitchens, and therefore more concentrated in terms of ammoniacal-N and total nitrogen (95 ± 29 and 166 ± 110 mgL À1 , respectively). This justifies the higher alkalinity of the wastewater.
The COD of the sand filter effluent was 106 ± 59 mgO 2 L Although it is used for urban WWTPs, it is an important limit to consider. Thus, the system under study ensured the adequacy of the wastewater on this parameter (75% of the samples were below this limit).
The biochemical oxygen demand (BOD) of the sand filter effluent was only 21 ± 8 mgO 2 L À1 . This value is lower than the limit stipulated by the legislation in the European Community (Directive //CEE) for discharges from urban WWTPs: 25 mgO 2 L À1 . In the USA, Widrig (), respectively. However, the results obtained for the BOD in the effluent from sand filters were extremely close to those of the aforementioned authors. As in a sand filter, not only physical but also various chemical and biochemical reactions take place; the treatment performance is dependent on the temperature thus foreign standards should not be the principal influence of the design of this system in hot climate countries, like Brazil. Hot countries need to undertake new research about this kind of wastewater treatment system to find new conditions to project these systems.
In rural areas, the low concentration of suspended solids found in the effluent from the sand filter (24 ± 18 mgL À1 )
would be beneficial for reuse in agriculture. There would be a lower possibility of clogging of the irrigation equipment used, such as the dripper. Capra & Scicolone () claimed that there was a low risk of clogging of drippers when the final concentration of the TSS is less than 50 mgL À1 . The average value is also less than the limit stipulated by the legislation in the European Community (Directive // CEE) for discharges from urban WWTPs (35 mgL À1 ).
As a result of the removal of the suspended solids, turbidity removal efficiency was also high. The sand filter generated an effluent with mean of 9 ± 5 NTU. Regarding the density of Escherichia coli, the removal given by the sand filters was 2-log units (Table 3) , which is comparable There are also increments in the duration of the endogenous decay phase (Leverenz et al. ) and partial recovery of the filter porosity.
With higher hydraulic loading rates, water infiltration was swifter, and the exchange between the mobile pore water fractions and those with less mobility was reduced (Stevik et al. a) . Gradually, the oxygen supply was also reduced, in this way threatening the sustainability of the nitrification process (Tonon et al. ) .
When the feeding sequences were short and the bed surface was no longer submerged after each of these sequences, In this way, the treatment system comprised by the association of septic tank and sand filter is very efficient regarding the physical and chemical parameters, and it produces treated water suitable for reuse. However, there is a need for routine maintenance. This maintenance does not inhibit the spread of this technology, but it should be clearly understood by the community that will build it and operate it.
Phosphorus retention in the sand bed
The sand filter provided an average phosphorus removal efficiency equal to 53.8% but with a downward trend throughout the operating time (Figure 4) . Over the weeks, there was a tendency in the increase of the phosphorus concentration in the effluent until reaching the clogging of the sand bed after approximately 10 weeks. However, we noted a higher phosphorus concentration in the effluent than in the influent from the 7th week of the study.
One possible explanation for this behavior is the formation of anaerobic conditions in the interface between the sand and the effluent. This may have favored the release of phosphorus in the water column. Thus, a process might In the assessment of the sand made before placing it in the sand filter (A new ) and after clogging (A clogged ), we observed that the phosphorus adsorption capacity of A clogged is much higher than that found in A new (Table 4) 
CONCLUSIONS
The association of septic tank and sand filter is a viable technology for decentralized sanitation, mainly in rural areas.
The quality of the effluent generated may allow its reuse in agricultural activities. However, the frequency of maintenance of this system should be taken into account. Thus, users' acceptance of the systems should be investigated to show whether any education or training is necessary and the users' perception of the required maintenance task.
Throughout the use of the sand filter, there is a downward trend in the phosphorus removal efficiency until the clogging of the surface of the sand bed. Possibly, the phos- Before placement in the sand filter (A new ) 49.8 ± 1.5
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After clogging (A clogged ) 191.4 ± 13.9
A clogged /A new 3.8
